This paper develops an energy management platform for intelligent buildings using a SCADA system (Supervisory Control and Data Acquisition). This SCADA system integrates different types of information coming from the several technologies present in modern buildings (control of ventilation, temperature, illumination, etc.).
Introduction
In the mid 70s the concept of distributed control systems emerged. This concept was mainly applied to the control of large scale industrial processes: oil refining, cement production, power generation, paper manufacturing, among others.
With the development of the technologies associated to automation and communications this concept has expanded to other areas: product manufacturing, energy management, agriculture, building automation, etc. [1] [2] [3] [4] [5] [6] [7] . In fact, the great improvements in electronic devices and remote communications allow the miniaturization of components, with correspondent cost reduction. Both these advantages promoted the widespread of automated systems in many different fields.
The first digitally controlled systems applied to building technology began to appear in the 80s, with the control of illumination, temperature, air conditioning and security tasks.
Today, Building Automation Systems (BAS) are a widely accepted and adopted technology through homes, buildings, residential and industrial complexes. BAS are concerned with improving the interaction among integrated systems and the habitants/users of the buildings. Historically BAS were developed from automatic control of HVAC systems (heating, ventilation, air-conditioning), simultaneously improving human comfort and reducing energy costs. In the last decades a large number of automated systems have been added to enlarge BAS. The development of electronics and communications supplies easier and sounder interfaces that allow the users to communicate easily with building's control technology. Tasks such as room vacuum, garden watering, luminosity and temperature control, became usual. Additionally, security concerns have also pushed the development of automatic systems to be integrated in building automation. Systems to detect gas leaks, floods and fires are commonly found in current automated solutions.
Advanced systems additionally integrate, in a network environment, security video-cameras in real-time monitoring and control, fingerprint reading devices and retinal or voice pattern identification. Commonly all these data is made remotely accessible through internet or phone-GSM communication networks.
Recently an important factor that promoted the development of building automation is related with energy issues. The high frequency of energetic crisis and the correspondent pressure on energy prices motivates the development of energy intelligent management systems [4] [5] [6] [7] [8] .
The improvements in system communications have stimulated the implementation of distributed systems. These distributed systems are then usually managed by centralized supervisory platforms, commonly known as SCADA systems (Supervisory Control and Data Acquisition). SCADA systems fit very well with hierarchical control. Following the research field of BAS [5] , the present paper develops an advanced control structure composed by two inter-related levels: the operational level (SCADA system) and the inter-active level that optimizes the preferences of the building users in relation to control references, constrained by the minimization of energy consumption. This developed hierarchical controller has the potential to evolve in the future, integrating a third level platform enhancing the communication between buildings (GSM-Global System Mobile communications, internet, etc.) as autonomous entities. In this future scenario each building will communicate with its neighbours about its well-being state, informing about fires, floods, security problems, etc.
In this paper the two above referred control structures -operational level and inter-active level -are developed and tested. An operational control platform for an intelligent building is developed using a SCADA system [9] . This SCADA system integrates different types of information coming from the several technologies present in modern buildings -ventilation and temperature control systems, computer network, lightning control systems, etc. -see Fig. 1 .
The followed control strategy develops an hierarchical cascade controller where inner loops are performed by local PLC (Programmable Logic Controller), and the outer loop is managed by the centralized SCADA system, which interacts with the entire local PLC network. A first approach to this strategy can be found in Ref. [5] .
In this paper a Predictive Control Strategy [10, 11] will be implemented at the second control level structure-interactive level. A major contribution of the present study is the development of a complete new platform connecting the SCADA supervisory system (operational level) and the Matlab software (interactive level), named SCADA-Matlab platform, in order to provide the usual SCADA systems with the ability to handle complex control algorithms.
Results concerning the control of temperature and luminosity in huge-area rooms are presented. The developed predictive controller tries to optimize the satisfaction of user explicit preferences coming from several distributed user-interfaces, subjected to a centralized constraint of energy waste minimization.
System architecture
In this paper it is developed a model for an huge area room, with distributed operator interfaces that receive the input preferences from the room users, related to the control variables. The huge-area room is here named as conference room. This conference room is connected to a Master Actuator System (MAS) that receives the commands from the SCADA platform, in order to control two main variables: temperature and luminosity; subjected to the overall restriction of energy consumption minimization. The MAS commands the actuators: (1) HVAC, (2) shading actuators and (3) indoor electric illumination. These actuators regulate the output variables: temperature and luminosity.
The developed supervisory model integrates a SCADA system [9] connected to the Matlab Software [12] in order to implement a predictive controller algorithm. The communication channel selected for data transfer between SCADA and Matlab was the OPC protocol (Object Linking and Embedding -OLE -for process control) [13] . Fig. 2 shows the information flux defined in this strategy.
At the operational level the operations are performed by distributed PLCs. The communication flow between the SCADA system and the distributed PLCs is performed on an Ethernet bus. The Ethernet bus permits the entire system accessibility through any remote Desktop software. Fig. 2 describes the previously explained strategy. The preference of the Ethernet for the data transmission in the upper communication level (Scada Server/PLCs) is due to 3 main factors: (i) great accessibility of Ethernet infrastructures in common buildings; (ii) wide use of this protocol in office automation; and (iii) availability of reliable and flexible industry systems [14, 15] . This main communication network allows also the use of other common networks widely used in lower operational levels of BAS, namely: ModBus [16], BacNet [17] and LonWorks [18] . The integration of these lower level communication structures in the developed strategy follows a vertical integrated approach with the use of routers, as it is illustrated in Fig. 2 .
The concept here developed for building automation is a step into the future allowing the multi-users to interact with the building control unit, which has an intelligent controller with timevarying references that reflects both: (i) the preferences of the users and (ii) the minimization of energy consumption.
Supervisory control strategy

Operational-level controller
The operational-level controller developed in this paper is commonly known as an hierarchical cascade controller which integrates a first control loop (inner loop) managed by local PLCs and a second control loop (outer loop) controlled by a SCADA system. Fig. 4 shows the developed operational level-SCADA supervisory control.
The input functions of the SCADA supervisory loop are mentioned as comfort laws (F 1 (t), . . ., F j (t)). These comfort laws must observe criteria of human health, system security and energy efficiency and are supplied by the 2nd level control structure-interactive level. Observing Fig. 2 it can be seen that the operational level (SCADA supervisory control) receives the main references (comfort laws) from the interactive level, which develops these comfort laws considering the inhabitants' preferences and the measured variables (e.g. temperature, luminosity) according to a developed optimization criterion, which defines the input references to the Master Actuator System (MAS). This criterion optimizes the inhabitants' preferences constrained by the available resources. On the other hand, the operational level supplies all the necessary data (inputs/outputs) to the interactive level, through the SCADA platform (Fig. 2 ).
In the developed operational level a network of distributed PLCs manages a set of distributed sensors and actuators (temperature, luminosity, HVAC, etc.) and all this distributed information is supplied to the SCADA system. Different conditions of temperature, luminosity, and other attributes in huge area rooms can be easily considered in the developed model as the distributed sensors are individually identified, and therefore different corrective coefficients can be applied to the data supplied by these inputs. In this paper it is shown the potential of this control structure by implementing a predictive controller at the interactive level, coupled with the SCADA supervisory control, as an example of how this strategy can accommodate complex control structures. This supervisory and control strategy appeared first in complex multiple input/multiple output industrial processes (MIMO) with multiple operating points that had to be fine monitored and controlled [14] . Now, facing the high complex environments within BAS, these industrial complex control strategies seem to be very suitable for BAS context (Fig. 3) .
Interactive-level controller
In this paper a predictive controller was implemented at the higher level control structure -interactive level -which communicates with the SCADA system as it was previously referred (Section 3.1).
The SCADA system is used as an application development tool that creates sophisticated supervisory and control applications for a variety of applications. The main feature of the SCADA system is its ability to communicate with control equipment in the field, through the implemented network. As the PLCs are monitored and data are recorded, the SCADA application responds according to system logic requirements or operator requests.
The implemented predictive controller is commonly known as the model-based predictive controller, MPC [18] -see Fig. 4 . Among the available advanced controllers, the predictive controller is the most commonly used in industrial applications [19, 20] .
The model-based predictive controller (MPC) is very powerful as it has the following main characteristics: (i) it can handle with multivariable control, (ii) it can take account of actuator limitations and (iii) it allows operation closer to constraints. Additionally, due to the control update rates relatively low, there is plenty of time for the necessary online calculations. Applications of MPC to systems other than process control problems have begun to emerge over the last two decades. Predictive controllers applied to Building Automation can be found in recent literature [21] [22] [23] [24] .
In Ref. [21] a predictive supervisory system is developed to determine optimal operation strategies for thermal processes. The study is applied to the simulation of a floor heating system in a passive solar room. An optimal model associated with operation constraints is formulated and the main simulation results focus the potential of savings in energy costs, which magnitude depends strongly on external factors, such as local weather conditions and building thermal design.
In Ref. [22] it is evaluated the performance of artificial neural networks (ANN) to adapt and to predict building energy consumption, which information can be very useful to develop control strategies to optimize building daily operations and reduce energy costs.
In Ref.
[23] a very interesting paper of MPC applied to Building Automation Systems (BAS) is presented. A set of experimental results with data from several weeks of testing is presented. Different buildings with the same geometry and different insulation properties, and different controllers applied to the same building are compared. The MPC controller developed in Ref. [18] is presented with very detailed explanations on the model building, the controller design and the experimental setup. Very interesting results on energy savings associated with this MPC application to BAS are presented.
Finally the paper referred in Ref. [24] addresses the main problem of building energy management systems (BEMS) supported on BAS, the same topic that is addressed in the present paper. In Ref.
[24] a model-based predictive controller predicts the indoor environmental conditions of a specific building and selects the most appropriate actions as to reach the set points and contribute to the indoor environmental quality by minimizing energy costs. The main differences between the two approaches are: in Ref. [24] the model-based is a black box with self learning of parameters during the identification procedure, the present paper relies on decoupled physical models with parameter identification. In Ref. [24] the BAS is an industrial solution with only one user interface, where the system administrator can interact with the system. The present paper enlarges this concept by developing the system based on two very common engineering tools: SCADA system and Matlab software, here named SCADA-Matlab platform, and extends the possibility to multiple user interactions (distributed user-interfaces).
Development of the model predictive controller-MPC
Building energy management systems (BEMS) and online control systems are reactive to climatic conditions, building operation and occupancy interventions. Predictive control in conjunction with BEMS on the other hand uses a model to estimate and predict the optimum control strategy to be implemented. While the online control systems can react only to the actual building conditions, a model-based predictive controller can move forward in time to predict the buildings' reaction to alternative control schemes.
A model can be either a black box or a physical model. The benefits of the black box approach are mainly the low computational time and the fact that any specific building modelling expertise is required. On the other hand the main drawbacks are the need of reliable data for the self-learning phase and the self-learning algorithms cannot move beyond the limits of their experience.
In this paper the physical model approach was followed. In fact, when physical models are utilized, the expert has the opportunity to understand the cause-and-effect relationship between the various building components, the control strategies and the climatic conditions.
A MIMO system (Multiple-Input, Multiple-Output) is commonly represented, in the standard state-space formulation, as [18] :
where x (k) : state vector; y (k) : output vector; u (k) : input (or control) vector; A: state matrix; B: input matrix; C: output matrix; k: sample time.
In our case, for the temperature controller it was considered a standard mathematical model based on a thermal system with a heat source, a thermal capacitance and a thermal resistance [25] . The model considered has the following equation:
where T int : conference room temperature; C: conference room thermal capacitance (mainly dependent on room geometry and air pressure); R: conference room thermal resistance (mainly dependent on wall properties); T ext : external temperature; q: heat flow (controllable heat flow from HVAC system; disturbance heat flow from indoor people and working machinery). For the luminosity controller it was considered a model that accounts for both factors: (i) indoor electric illumination and (ii) natural light coming from the outside, through the windows' blinds (shading control). The model considered has the following equation:
where E: luminosity due to natural light coming through the blinds; I: luminosity due to electric illumination. Expanding (3) and (4) for a complex building, with several conference rooms, we obtain the following state-spacemodels, with the state equations (5) and (7) and the output equations (6) and (8):
. .
Adopting this model for the specific control of temperature and luminosity of huge-area rooms (conference centres, theatres, etc.) some physical aspects have to be taken into account.
The model built in Eq. (5) refers mainly to huge-area rooms, as above referred. In this case the intrinsic thermal properties of each room and the room's connection to the external temperature are the dominant effects in the heat flux of the modelled room. The temperature difference related to other adjacent rooms, especially under the consideration of good insulation properties of the common walls is of relative small effect. This approximation leads to a mathematical model of multiple independent rooms, with the direct consequence of the state matrix [A] with zero elements in all non-diagonal positions. This is exactly the case considered here for the further developments, as it will be later explained.
Considering the previously presented space state equations for a MIMO system, Eqs. (1) and (2), they can be rewritten with separate inputs (controllable variables and disturbances):
Following this format, Eqs. (5)- (7) and (6)- (8) are aggregated in order to obtain the complete dynamical model for temperature and luminosity control, as follows:
where As it was previously referred, the developed models for temperature control (Eq. (3)) and luminosity control (Eq. (4)) are completely decoupled in terms of variables. This was intentionally done in order to show the robustness of the developed hierarchical controller even when simple reference models are considered. In fact the MPC controller needs very small expertise in model building to deliver good tracking results. In the present case, the short wave flux, which couples both Eqs. (3) and (4), in more complex models, was not considered and the MPC is able to deliver very good tracking trajectories (see Section 5.2).
Additionally this supervisory model allows the consideration of simultaneous different references coming from different userinterfaces that have to be combined, according to an optimization criterion, in order to supply single coherent references to local PLCs.
Finally, the control strategy here developed considers the comfort inputs Ref j·i (illustrated in Fig. 3 ) as references to be followed as a typical tracking problem. However recent works [23] show advantage in defining slack variables in order to keep room temperatures above the reference (in case of heating). In the developed strategy the consideration of additional slack variables can be easily accommodated in the SCADA platform, named SCADA supervisory in Fig. 3. 
Parameter identification
The complete model developed for Room 1, referred in Eqs. (11) and (12) consider the following variables: -State variables: T int , L int , respectively indoor temperature and luminosity; -Controllable inputs: q 1 , E 1 , L 1 , respectively controllable heat flow from HVAC, luminosity due to natural light coming through the blinds (shading control), luminosity due to electric illumination; -Measured perturbations: T ext 1 , external temperature in the neighbourhood of Room 1; -Output variables: T int , L int (identical to the state variables in this model).
Knowing the critical role of model parameter identification on the performance of a MPC-model predictive controller, some considerations are addressed below.
Relatively to the temperature controller model (Eq. (3)) the experimental identification of the model parameters C and R is a simple practice that requires a standard instrumentation package composed of a controllable heat flow source and a set of temperature sensors, whose number depends on the area and geometric characteristics of the room in evaluation. The experimentation has to be conducted for a sufficient time interval for each different magnitude of the supplied heat flow, until the steady-state indoor temperature is reached. This procedure has to be repeated for different magnitudes of the supplied heat flow in order to calculate the appropriate parameter average values.
Cost function
The usual formulation of a predictive controller involves always the minimization of a cost function.
A particular class of optimization problems, named convex optimization problems assures that the local minimum found is always the global minimum [26] . Two main types of cost functions are usually selected ensuring the convexity of the problem: Quadratic Programming problems (QP) and Linear Programming problems (LP). In the context of Predictive Control, the modification from QP to LP is that the values of errors are penalized rather than squared values.
One of the historical reasons to adopt instead of QP LP is that LP problems can be solved more quickly than QP problems and that there is more experience of solving LP problems, with excellent and well-proven software available. But, the importance of this reason is decreasing rapidly, because of the great strides being made in the development of algorithms and software for solving QP and other convex problems [26, 27] .
Each of the QP and LP behaviours has its own merits. But, QP formulation now offers a lot of flexibility, all of which can potentially be exercised on-line by plant operators, namely [18] : -The desired operating point can be moved around within the feasible region in a natural way, while in the LP formulation this can only be done by redefining the constraints (because in LP the optimal solution is always at the intersection of constraints); -If constraints are persistently active, then the location of the operating point on the boundary of the feasible region can be altered by altering the weights of the cost function; -A QP formulation has the very big advantage that it gives linear behaviour so long as the constraints are inactive, or a fixed set of constraints is active. All the tools of linear control theory can be applied to analyse the controller in these circumstances. This is not so with LP formulations.
Some authors build their cost functions with a mix of QP and LP factors, depending on the affected variables to optimize [23] .
In this study, focusing on the primary purpose of testing the new SCADA-Matlab platform in Building Automation Systems (see Section 3.2), and given the above referred arguments, we selected a whole quadratic cost function, which is presented in Eq. (13):
where the superscriptŝpecifies the estimated values.
The cost function V penalizes deviations from the estimated outputŷ (k+i|k) in relation to the values of the reference trajectory r (k+i|k) (first term), deviations on the estimated control actionsû uc (second term), and changes on the estimated control actions û (k+i|k) (third term). Q, W and R are weigh matrices that influence the outcome of optimization. These weights determine the response of the system and the selection of different values in the Q, W and R matrices allows the system to reach different objectives. In fact it is possible by varying the matrices' coefficients to allocate more weight to a certain variable in relation to other factors.
Typically when designing a predictive controller it is usual to obtain stability by tuning the parameters in the problem formulation. Considering a cost function of the type of Eq. (13), and assuming the matrices Q, W and R, symmetric positive-definite, with constant weights across the prediction horizon, the solution of the optimization problem simplifies enormously, relaying on the solution of an ordinary differential equation -the Riccati equation - [28] . The three above mentioned matrices in Eq. (13), regarding the affected variables, can be referred as tracking error matrices -Q and W -and control actions matrix -R. Hence, increasing the weights of matrix R on the control actions relative to the weights on the tracking errors, has the effect of reducing the control activity. So, increasing these weights indefinitely will reduce the control activity to zero, which indirectly switches off the feedback action. If the open loop is stable this will result in a stable controllable system. So with a stable plant one can expect a stable closed loop system by increasing the control weighting sufficiently. The penalty of doing this will be slow response to disturbances. By the other hand with an unstable plant one can expect an unstable feedback loop if the weights of R are increased too much.
There are some typical predictive controllers' behaviours that can help in tuning the weigh matrices [18] : the mean-level control, the deadbeat control, the frequency-response analysis, the reference trajectory, the robust control, with all these methodologies supported by design software [12, 29, 30] .
In the present paper, the focus is not on the optimization the design of the MPC-controller but the development of the SCADAMatlab platform for Building Automation Systems (BAS). Therefore the design of the matrices Q, W and R considered a simple methodology with constant matrices for the whole prediction horizon, observing the two main purposes: -Economic objectives (to reduce the economic costs of used energy); -Stabilization of the closed loop system. Following these guidelines the selected weights are presented below, where the parameters refer to: H p = prediction horizon, H u = control horizon and H w = window parameter [18] .
where As it can be seen in the selected coefficients, the largest penalty was attributed to the electric illumination. Therefore preference is given to natural illumination coming through the blinds.
The largest penalty associated with electric illumination (weights 75 and 5 in matrices W and R, respectively) compared to penalty associated with natural illumination (weights 0 and 0.1 in matrices W and R, respectively) reflects the clear preference for natural light. However, also this light is associated with energy consumption due to the blinds' motorization. This energy cost is here reflected with a small penalty different from zero.
The minimization of energy consumption is here indirectly considered by the design of the weigh matrices.
Constraints of the cost function
In this study, the optimization of the cost function is constrained by the allowable amplitudes of both the input variables (Eq. (11)) and the outputs (Eq. (12)). Usually these constraint are represented by a set of equations [18] :
Considering first the output variables (inside temperature and luminosity-Eq. (12)), it was assumed no constraint for the inside temperature and it was assumed for the luminosity, that this variable cannot be negative. Now considering the constraints on the input variables, we have to analyse the constraints on the allowable amplitudes and variations. In the present study there are two types of controllable inputs: inputs produced artificially (heat flow from HVAC, luminosity from electric illumination) and inputs produced naturally (luminosity from natural light). For the first class of inputs their operational constraints are defined by the equipment producers. For the second class of inputs, the maximal allowable value corresponds to an overture of 100% of the blinds).
Results
The results presented in this chapter aim to demonstrate the ability of the developed controller strategy to reach the proposed references. The supervisory controller developed in Section 3 was tested. In Fig. 5 it is shown an overview of the implemented controller, running in the Matlab Simulink software [12] . This predictive controller manages the temperature and luminosity of one conference room, according to user explicit preferences coming from distributed user-interfaces and subjected to the main constraint of energy consumption minimization.
This predictive controller could not be implemented directly on the SCADA system because this system does not have the capacity to deal with complex mathematical operations requested by this type of controller. So it was necessary to develop a communication channel between the SCADA [9] and the Matlab software [12] , where the predictive controller was implemented.
The used communication channel is the OPC protocol (Object Linking and Embedding -OLE-for process control) [13] . This protocol is based on standard specifications developed in 1996 by a task force from industrial automation [31] . This standard specifies the communication of real-time data among several control devices from different manufacturers. This protocol provides the exchange of data between two independent software programs (Server and Client), running simultaneous at the implemented platform. In this paper the Matlab software initiates the communication, as it is the Client and the SCADA software responds to Client's requests (Server attributions) [13, 31] .
Two different types of results are shown in this section: simulation and experimental tests.
Simulation results
In the simulation tests, performed for Conference Room 1, the following conditions were considered:
-Simulation interval = 1 h; -User-defined temperatures are randomly generated, in the range 20-30 • C, each 10 min; -User-defined luminosities are randomly generated, in the range 20-30 • C, each 10 min; -Exterior temperature = 24 • C; -Exterior luminosity = 100% (correspondent to clear sky).
The simulation results were obtained with the Matlab software [12] . The resolution of the overall model previously presented in Fig. 6 , considered the following partial models: HVAC Unit 1 (Fig. 6) ; Luminosity Unit 1 (Fig. 7) ; Control Block ( Fig. 8 ) and Reference Block (Fig. 9) .
The simulation results presented in Fig. 10 correspond to the follow-up of a time-varying reference with step-variations (temperature). The good performance of the developed predictive controller is demonstrated by the quick and efficient follow-up of references. Fig. 11 shows a similar test for the luminosity control variable. Here also the results show the great performance of the developed predictive controller, concerning the follow-up of time-varying step references.
Finally Figs. 12 and 13 show the calculated control actions, E and I, referred in Section 4, and defined in Eqs. (11) and (12) : percentage of used natural light coming through the blinds and percentage of used electric illumination. It can be seen, as it was expected, that the controller performance forces a much higher utilization of natural light in relation to electric illumination, in order to minimize the energy consumption. 
Experimental results
The main purpose of the experimental tests was to evaluate the viability of the proposed strategy, namely the failure free communication between the SCADA supervisory system, the PLC network, the update of the user-defined variables and the correspondent calculated references, according to the MPC algorithm.
Additionally, the developed tests prove the capacity of the proposed strategy to manage different levels of decision and the management of multiple simultaneous user-reference data.
The tested prototype is composed by:
-2 physical user-interfaces connected by ProfiBus network with Programmable Logic Controllers 1 and 2 (PLC1 and PLC2); -PLC1 is connected by Ethernet with the SCADA server; -PLC2 is connected by Ethernet with the SCADA server.
The actuators controlled by the PLC2 -Master Actuator System -were simulated by Matlab because the installation did not have in place the systems: HVAC, shading control and indoor illumination. These actuators were modelled by linear devices with their slope dependent on the magnitude of the given reference. Additionally, due to the availability of only two physical user-interfaces, the data referred to the other user-defined references were directly introduced in the SCADA Graphical User Interface (GUI).
Fig. 14 presents the main Graphical User Interface developed for the SCADA platform. This menu informs the system administrator about how many users are communicating with the management system, the actual values of temperature and luminosity, and the mean values of the users' preferences.
Additional menus are accessible to the system administrator: (i) Inputs from Conf. Room-where the users' preferences are monitored; (ii) Outputs to Master Actuator System-where the commands to the actuators are shown (references for: intensity of electric light; opening of window's blinds; HVAC system-temperature and air flow). The experimental setup is illustrated in Fig. 15 .
It was implemented the following experiment:
Test time interval = 1 h; Exterior temperature = 21 • C; Exterior luminosity = 100% (correspondent to clear sky). The sequence of changes in the user-defined references is illustrated in Tables 1 and 2 .
The following experimental results refer to the complete supervisory strategy before illustrated in Fig. 2 . As it was previously referred, numeric simulations were only used to reproduce the behaviour of the Master Actuator System (PLC2) and some additional user-interfaces, in order to test the system with a larger number of users.
Figs. 16 and 17 show respectively the time-responses of the model predictive controller (MPC) for the temperature and luminosity (output variables) during the 60 min of experiments, previously described in Tables 1 and 2 . The changes in userpreferences are processed as step-changes. 
Conclusions
This paper develops an operational control platform for intelligent buildings using a SCADA system (Supervisory Control and Data Acquisition). This SCADA system integrates different types of information coming from the several technologies present in modern buildings (control of ventilation, temperature, illumination, etc.).
The developed control strategy implements an hierarchical cascade controller where inner loops are performed by local PLC (Programmable Logic Controller), and the outer loop is managed by the centralized SCADA system, which interacts with the entire local PLC network.
In this paper a predictive controller is implemented above the centralized SCADA platform. Tests applied to the control of temperature and luminosity in huge-area rooms are presented. The developed predictive controller optimizes the satisfaction of user explicit preferences coming from several distributed user-interfaces, subjected to the constraints of energy waste minimization.
The obtained results show the great performance of the developed controller.
A major contribution of the present study is the development of a complete new platform connecting the SCADA supervisory system (operational level) and the Matlab software (interactive level), named SCADA-Matlab platform, in order to provide the usual SCADA systems with the ability to handle complex control algorithms. The developed internet-based control platform allows also the use of other common networks widely used in lower operational levels of BAS.
